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摘  要 








理器，其拥有极低的功耗和较高的计算能力。我们结合 Zigbee 技术和 DSP 技术，
将提出的一种基于两步卡尔曼预测估计算法应用其中，实现在线结构损伤识别系
统，并进行实验验证，取得了较好的实验结果。 





中的应用，并用 TI 公司提供的 Code Composed Studio（CCS）集成开发环境将
提出的预测估计算法在 DSP—TMS320VC5509A 中实现。同时，论文详细阐述了基
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Abstract 
 Structural Health Monitoring (SHM) is an important research subject to ensure 
the safety of structures and people's life and property. Structural Damage 
Identification is the main research direction of SHM. Structural damage identification 
commonly uses on-site non-destructive sensor technology to acquire information of 
system structural characteristics, such as structural response, and then analyzes and 
detects structural damage or degradation of some changes. The Two-step Kalman 
Estimator Approach is one of Time domain analysis algorithm on structural damage 
identification. It only depends on structural acceleration responses and need less input 
and computational capability.  
Zigbee is a wireless sensor networks technology based on the IEEE802.15.4 
standard, with advantages of low complexity, low power consumption, low-rate and 
low-cost. TMS320VC5509A is one kind of Digital Signal Processor (DSP) produced 
by Texas Instruments (TI), with ultra low power consumption and high computational 
performance. With the combination of Zigbee and DSP technologies, we propose an 
on-line Structural Damage Identification system based on Two-step Kalman estimator 
approach, do experiments on the building structure and prove the feasibility and 
accuracy of the system.  
This paper describes Zigbee wireless sensor network topology for the on-line 
structural damage identification system based on clustering structure firstly. In order 
to achieve transparent and effective transmission of the network data & commands, it 
also talks about the definitions of communication packets’ format and system function 
modules. And then, this paper studies the substructural identification approach so as to 
reduce the computational cost and improve the computational efficiency. Meanwhile, 
this paper studies the theory and application of the Two-step Kalman estimator 
approach in structural damage identification area and then we successfully finished 
the porting work of the estimator approach on the chip named TI TMS320VC5509A 
by using TI Code Composed Studio integrated development environment. Finally, the 
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IV 
system based on Zigbee and DSP technologies, including a plurality of modules of 
data sampling, data collection, data exchange and damage identification and so on. 
This on-line Structural Damage Identification system has been applied on an eight 
shear test framework, the experiment proves the results meet the design requirements. 
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Sensor Network, WSN）正是这三大技术结合的产物[8]。 
一个典型的无线传感器网络的系统架构包括分布式无线传感器节点（群）、
接收发送器汇聚节点、互联网或通信卫星和任务管理节点等，如图 1.2 所示（其
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